Although age-related macular degeneration (AMD) is not a classic inflammatory disease like uveitis, inflammation has been found to have an important role in disease pathogenesis and progression. Innate immunity and autoimmune components, such as complement factors, chemokines, cytokines, macrophages, and ocular microglia, are believed to be heavily involved in AMD development. Targeting these specific inflammatory molecules has recently been explored in an attempt to better understand and treat AMD. Although antivascular endothelial growth factor therapy is the first line of defence against neovascular AMD, anti-inflammatory agents such as corticosteroids, nonsteroidal anti-inflammatory drugs (NSAIDs), immunosuppressive agents (eg, methotrexate and rapamycin), and biologics (eg, infliximab, daclizumab, and complement inhibitors) may provide an adjunct or alternative mechanism to suppress the inflammatory processes driving AMD progression. Further investigation is required to evaluate the long-term safety and efficacy of these drugs for both neovascular and non-neovascular AMD. Two clinically recognized subtypes of AMD are non-neovascular geographic atrophic ('dry') AMD and neovascular exudative ('wet') AMD. Non-neovascular AMD is characterized by the accumulation of lipo-glyco-proteinaceous deposits (drusen) as well as the degeneration of the retinal pigment epithelium (RPE) and photoreceptors. Geographic atrophy (GA) accompanies the advanced form of non-neovascular AMD and results in RPE atrophy, degeneration of the outer retinal layer, and sclerosis of choriocapillaris. Choroidal neovascularization (CNV) is the hallmark of neovascular AMD, which affects the choroid/ Bruch's membrane/RPE complex and leads to exudation and bleeding within the macula. Disciform scarring, characterized by predominantly fibrotic tissue, few remaining neovascular lumens, and neural tissue loss, is often present during the late stages of neovascular AMD. Although neovascular AMD accounts for only 10-20% of total AMD cases, it is responsible for the sudden and severe vision loss in the majority of AMD patients. 4 In contrast, GA, the end-stage of non-neovascular AMD, usually results in gradual and less severe loss of vision. 
among the elderly, affecting B30-50 million individuals worldwide. 1, 2 In the United States, advanced AMD affects over 1.75 million people and the number is expected to increase to 2.95 million by the year 2020. 2 Two clinically recognized subtypes of AMD are non-neovascular geographic atrophic ('dry') AMD and neovascular exudative ('wet') AMD. 3 Non-neovascular AMD is characterized by the accumulation of lipo-glyco-proteinaceous deposits (drusen) as well as the degeneration of the retinal pigment epithelium (RPE) and photoreceptors. Geographic atrophy (GA) accompanies the advanced form of non-neovascular AMD and results in RPE atrophy, degeneration of the outer retinal layer, and sclerosis of choriocapillaris. Choroidal neovascularization (CNV) is the hallmark of neovascular AMD, which affects the choroid/ Bruch's membrane/RPE complex and leads to exudation and bleeding within the macula. Disciform scarring, characterized by predominantly fibrotic tissue, few remaining neovascular lumens, and neural tissue loss, is often present during the late stages of neovascular AMD. Although neovascular AMD accounts for only 10-20% of total AMD cases, it is responsible for the sudden and severe vision loss in the majority of AMD patients. 4 In contrast, GA, the end-stage of non-neovascular AMD, usually results in gradual and less severe loss of vision. 2 AMD is a highly complex disease that is affected by multiple factors, such as ageing, genetic predisposition, environmental elements, oxidative stress, and inflammatory effects ( Figure 1) . 3, 5, 6 A number of important risk factors that are related to oxidative stress such as age, smoking, alcohol consumption, diet, and obesity have also been reported. 5, 6 Several single-nucleotide polymorphisms (SNPs) that Although AMD is not a classic inflammatory disease, inflammatory cells have an important role in AMD pathogenesis and progression ( Figure 1) . 3, 11, 12 Macrophages and giant cells have been reported to localize near drusen, at the breakdown of Bruch's membrane, and in the CNV membrane. Furthermore, macrophage-derived cytokines, such as tumour necrosis factor-a (TNF-a) and IL-1, have been shown to promote the expression of intercellular adhesion molecule-1 (ICAM-1) in the RPE and vascular endothelial cells, thereby inducing additional inflammatory cellular infiltration. Macrophages can also induce proliferation and migration of vascular endothelial cells by cytokines, which accelerates angiogenesis and CNV formation. 13 In addition to macrophages, microglial cells are also involved in the pathogenesis of AMD. As the resident phagocytes of the innate immune system, the stellateshaped microglia enter the inner retina during embryological development.
14 Upon activation by retinal injury and degeneration, microglial cells transform to an amoeboid-like appearance and migrate to the injured outer retina. The activated microglia facilitate the phagocytosis of debris as well as produce various proinflammatory cytokines and chemokines that create a neurotoxic milieu leading to disease progression. The activated microglia are also found in the outer retina and the subretinal regions of eyes with AMD. 15 Autoimmunity has also been suggested to have a role in drusen formation and AMD pathogenesis. The presence of a number of antiretinal autoantibodies, such as anticarboxyethylpyrrole and anti-astrocyte antibodies, has been suggested as early features of AMD pathogenesis. 16, 17 Recently, Morohoshi et al 18 demonstrated that 94% of patients with early-stage AMD and 83% of patients with late-stage AMD had elevated levels of serum retinal autoantibodies, compared with only 9% of normal controls. Numerous other antiretinal autoantibodies (such as glial fibrillary acid protein, a-Crystallin, a-Enolase, and Annexin II) have also been identified as potential mediators in the pathogenesis of AMD.
Evidence has also suggested that some infectious agents are associated with AMD. Although some studies challenged the role of Chlamydia pneumoniae in AMD pathogenesis, 19 several studies have shown that C. pneumoniae infection is related to the increased risk of AMD. [20] [21] [22] Fujimoto et al 23 showed that C. pneumoniae can trigger inflammatory responses in the eye and promote experimental CNV in a TLR2-dependent manner. Baird et al 24 also demonstrated the existence of a geneenvironment interaction between pathogenic load of C. pneumoniae and the CFH in the aetiology of AMD. Moreover, cytomegalovirus (CMV) infection is reported to be highly associated with the progression from nonneovascular to neovascular AMD. CMV could infect monocytes, neutrophils, and choriocapillaris endothelium, which could contribute to the initiation of CNV. 25 Para-inflammation is a tissue adaptive response to noxious stress or malfunction and is regarded as an intermediate to the basal and inflammatory states. 26 Normal para-inflammatory responses are beneficial for repairing damage and restoring tissue functionality. Studies suggest that innate immunity pathways are involved in para-inflammation in the retina during ageing, and para-inflammation-related tissue repairing is disrupted in AMD. Although the understanding of the molecular pathways of para-inflammation is very limited, further study on the influence of para-inflammation on AMD pathogenesis could provide crucial information on developing effective treatments.
Because of the substantial amount of evidence suggesting the underlying role of inflammation in AMD, it is logical to target the specific molecules involved in inflammatory pathways. By increasing our knowledge of the complex immunological and inflammatory processes at play, we have the opportunity to develop a more comprehensive understanding of AMD and improve current therapies for this important disease. This review focuses on the therapeutic use of anti-inflammatory agents for AMD.
Corticosteroids
Corticosteroids are well known for their anti-inflammatory, anti-angiogenic, anti-fibrotic, and anti-permeability properties. They have been widely used to treat ocular disorders involving macular oedema and angiogenesis.
Anti-inflammatory mechanism of corticosteroids
Corticosteroids were among the first anti-inflammatory drugs evaluated for treating CNV in AMD patients. Although the anti-inflammatory mechanism of corticosteroids is not fully understood, several characteristics of these drugs have been elucidated: (1) corticosteroids induce lipocortin synthesis, which directly inhibits phospholipase A2 activity and release of arachidonic acid, ultimately decreasing the formation of prostaglandins (PGs) and leukotrienes via cyclooxygenase (COX) and lipoxygenase (LPO) pathways accordingly; 27 (2) corticosteroids inhibit release of proinflammatory cytokines (IL-1, IL-3, and TNF-a) on endothelial and other inflammatory cells; (3) corticosteroids inhibit migration and activation of inflammatory cells including macrophages, monocytes, and leukocytes; (4) corticosteroids inhibit accumulation of endothelial leukocyte adhesion molecule-1 mRNA for endotoxin and IL-1-stimulated cells; 28 (5) corticosteroids decrease the number and size of microglial cells; 12 and (6) corticosteroids downregulate the cytokine-induced expression of ICAM-1, MHC-I, and MHC-II on endothelial cells, which further inhibits adhesion and migration of inflammatory cells. 12, 27 In addition to the anti-inflammatory effects, corticosteroids can directly and indirectly reduce the permeability of choroidal endothelial cells and the outer blood retina barrier, inhibit the activation of matrix metalloproteinase, and suppress vascular endothelial growth factor (VEGF) expression. 29 Because VEGF and inflammatory cells closely interact with each other, inhibition of VEGF might strengthen the anti-inflammatory activity in neovascular AMD. The downregulation of inflammatory agents and inhibition of blood vessel permeability are regarded as the main goals of AMD treatment.
Dexamethasone
Dexamethasone is regarded as one of the most potent corticosteroid agents. Several reports have shown that dexamethasone can be combined with verteporfin photodynamic therapy (PDT) and anti-VEGF agents to treat CNV lesions from AMD. The use of these three combinations is known as triple therapy, which can decrease the number of required anti-VEGF injections and stabilize visual acuity in neovascular AMD patients. [30] [31] [32] In a prospective and noncomparative case study, 104 patients with CNV due to AMD received the triple therapy of PDT, intravitreal dexamethasone (800 mg), and bevacizumab (1.5 mg). 31 Significant and sustained improvements in visual acuity were observed after only one cycle of treatment. A total of 18 patients received an additional bevacizumab injection and only five patients required a second cycle of triple therapy. After 40 weeks, mean visual acuity improved from 20/126 to 20/85 and mean retinal thickness decreased from 463.5 to 281 mm.
Two retrospective studies confirmed the effectiveness of triple therapy using various doses and follow-up times. Ehmann . Although both studies illustrated the importance of dexamethasone in AMD treatment, neither set of data were statistically significant because of the small sample size. It is important to note that patients previously treated with anti-VEGF agents did not respond as well to triple therapy as treatment-naive patients. In addition to dexamethasone's effectiveness at improving vision and reducing macular oedema, these three studies also reported no elevation of IOP or other side effects in their patients. This could be attributed to the rapid action, short duration, and fast clearance of dexamethasone in the vitreous. 33 Because of dexamethasone's efficacy and safety, intravitreal use of dexamethasone should be considered in combination with PDT and anti-VEGF agents to treat neovascular AMD.
Triamcinolone acetonide (TA)
TA has been used widely in the treatment of macular oedema and uveitis. Although a single dose of TA has only a fifth of dexamethasone's corticosteroid power, it has a much longer duration of action in the vitreous because of its large particle size. 34 Several clinical studies have evaluated periocular or intravitreal TA in the treatment of neovascular AMD. Gillies et al 35 conducted a double-masked, placebo-controlled, randomized clinical trial of intravitreal TA (4 mg) injection in 151 patients with classic CNV and 1-year follow-up. The results showed no effect on the risk of vision loss with a single dose of intravitreal TA in their patients. Moreover, there were no differences in size of CNV membranes between the TA and control groups after 1 year, even though CNV membranes were smaller after 3 months in the TA group.
In contrast, Jonas et al 36 treated 115 patients with intravitreal TA (25 mg) and recruited 72 patients as non-treatment controls in a prospective, comparative, nonrandomized clinical interventional study. They found significantly increased visual acuities in the TA-treated group at 1 and 3 months when compared with the nontreated group. In an earlier study, these authors reported that intravitreal TA (20 mg) alone improved visual acuity temporarily in 20 patients with bilateral neovascular AMD. 37 They concluded that visual improvement was negatively correlated with visual acuity before the injection. Maximal gain in vision was significantly larger in eyes with RPE detachment than in eyes with minimally classic subfoveal neovascularization. This finding may explain the poor outcome in the study by Gillies et al 35 , which studied patients with baseline vision of 20/200 or better.
The beneficial effect of TA is only temporary. There are a few small-scale studies of intravitreal TA (4 and 25 mg) with a short-term effect of improving or maintaining visual acuity lasting only 1-6 months. 38, 39 A randomized clinical trial of 67 patients with neovascular AMD showed no reduction of fluorescein leakage 3 months after a single periocular injection of TA and PDT (n ¼ 34) when compared with PDT alone (n ¼ 33). 40 Lee et al 41 reported no beneficial effects after intravitreal injection of TA (20-25 mg) in 39 eyes with minimally classic or occult CNV. Nicolo et al 42 confirmed this by showing that TA injection to the vitreous of two patients with serous pigment epithelial detachment (PED) and occult CNV produced no effect. Recently, an intravitreal injection of bevacizumab (1.5 mg) and TA (20 mg) were studied in a comparative, nonrandomized clinical study of 305 patients with progressive AMD. 43 The results showed that bevacizumab was far superior to TA as it produced a higher improvement in visual acuity and lower IOP within 2 months of injection.
Agurto-Rivera et al 44 compared transpupillary thermotherapy (TTT) (n ¼ 12) with TA and TTT alone (n ¼ 14) for all types of subfoveal CNV in AMD patients. They found that TTT combined with TA for new subfoveal CNV had a tendency towards better functional results, although there was no statistical significance because of the small sample size of this study. However, Weber 45 did not observe the same beneficial effects of TTT and TA in the advanced stage of exudative AMD.
One prospective randomized clinical trial involved 30 eyes of AMD patients with occult or minimally classic CNV. These patients were treated with PDT alone or TA (12 mg) plus PDT treatment. 46 Active lesions were treated every 3 months over a 1-year period. Mean visual acuity remained stable in the PDT plus TA group, whereas visual acuity declined significantly in the PDT alone group. The mean number of treatments was 1.13 in the PDT plus TA group and 3.6 in the PDT alone group. This study demonstrated effective stabilization of visual acuity and reduced treatment frequency after 12 months with a combination of PDT plus intravitreal TA. However, larger randomized trials are required to determine the efficacy and risks of PDT with intravitreal TA injection. 46 Another study compared PDT plus intravitreal TA (n ¼ 66) treatment against PDT-only (n ¼ 73) treatment. 47 Results show that patients treated with PDT plus TA therapy experienced greater improvements of visual acuity compared with patients treated only with PDT. Choroidal hypofluorescence was evaluated for PDT alone (n ¼ 92), PDT plus posterior sub-Tenon TA (n ¼ 90), and PDT plus intravitreal bevacizumab (n ¼ 60) treatments for subfoveal CNV in 242 AMD patients. 48 The degree of choroidal hypofluorescence at 3 months after PDT in the TA and bevacizumab groups was higher than that of PDT-alone group. This study suggests that both sub-Tenon TA and intravitreal bevacizumab could sustain choroidal hypofluorescence after PDT. Additional clinical studies have also suggested that PDT with TA (4 and 25 mg) therapy is able to stabilize vision for up to 2 years. 49, 50 Other benefits of PDT plus TA therapy include longer remission time and reduced vascular leakage. Matri et al 51 reported that combined therapy with intravitreal TA (4 mg) and bevacizumab (1.25 mg) was an effective and safe method of treating CNV-associated PED in AMD.
To prove the possible tachyphylactic response to bevacizumab and identify ways to decrease biological response, Schaal et al 52 investigated whether the repetitive injection of TA and/or bevacizumab resulted in a decrease of the biological response. They recorded standardized volumetric change index from optical coherence tomography scans of 43 patients with exudative AMD and observed a biphasic biological response to TA characterized by a rapid increase in efficacy with the second injection, peaking at the third injection and gradually decreasing afterward. However, the decrease in biological response could partially be alleviated with the combined therapy of TA.
Recently, additional triple therapy clinical studies have been conducted to evaluate the efficiency and safety of these drugs on AMD patients. Yip et al 53 evaluated the efficacy and safety of triple therapy on 36 eyes with neovascular AMD. At 6 months, 61.1% (22/36) of patients showed stable or better vision and 27.8% (10/36) gained X3 lines of vision. In all, 28 eyes (77.8%) achieved CNV resolution after a single session of triple therapy. Thus, the triple therapy may become a promising option for neovascular AMD based on its low retreatment rates, lasting CNV eradication, and visual improvement.
The adverse effects of corticosteroids, particularly elevation of IOP and cataract formation, have been of great concern. Although the efficacy of TA and dexamethasone is comparable, TA produces more adverse effects than dexamethasone, such as increased IOP and cataract, because of its longer duration in the eye. Elevation of IOP has been reported in 21-41% of AMD patients who were treated with intravitreal TA (4 and 20 mg) and in 21% patients who were treated with periocular TA. 35 Periocular or intravitreal TA is not recommended as monotherapy for AMD treatment. However, a combination of anti-inflammatory and antiangiogenic agents may produce synergistic effects, such as inhibiting and minimizing the pathologic processes of CNV with inflammatory components. The combined therapy also requires fewer treatment cycles of PDT and/or anti-VEGF injections, thereby lowering the cost and discomfort of intravitreal injections. The general consensus in the literature is that TA should be used as an adjunct agent combined with PDT and/or anti-VEGF agents for treatment of neovascular AMD.
Nonsteroidal anti-inflammatory drugs (NSAIDs)
NSAIDs are a group of chemically heterogeneous compounds that are widely used based on their anti-inflammatory, analgesic, and antipyretic properties. Topical NSAIDs are effectively used to relieve postoperative pain by inhibiting inflammation, countering allergic conjunctivitis and keratitis, inhibiting miosis during cataract surgery, and decreasing cystoid macular oedema. 57 The development of new NSAID formulations with better potency, efficacy, and penetration have resulted in the application of these drugs to the treatment of inflammatory and neovascular diseases in the retina and choroid.
Anti-inflammatory mechanism of NSAIDs
NSAIDs are potent inhibitors of the COX pathway, one of the arachidonic acid metabolic pathways that are involved in the production of PGs. 58 COX is an important enzyme in eicosanoid metabolism and converts free arachidonic acid to inflammatory and protective PGs. Three isoforms of COX have been identified as COX-1, COX-2, and COX-3. COX-1 is a constitutive enzyme and is expressed in normal tissue. It catalyses the production of PGs (such as PGI 2 and PGE 2 ) that mediate normal physiological functions and has a 'housekeeping' role that maintains homeostasis. 59 COX-3 is an acetaminophen-sensitive alternatively spliced variant of COX-1 and has not been well defined. 60 In comparison, Eye COX-2 is an inducible enzyme that is expressed in specific cells. This enzyme catalyses the production of inflammatory PGs (such as PGE 2 and PGF 2a ) and is believed to have a role in inflammatory response. 59 COX-2 and its catalysed PGs can cause undesirable ocular effects such as increased vascular permeability and disruption of the blood-aqueous barrier. 57 COX-2 has been detected in the RPE and vascular endothelial cells in human CNV membranes. 61 Its expression is dramatically increased by macrophages and proinflammatory cytokines. In addition to its proinflammatory properties, COX-2 has also been shown to modulate the expression of VEGF and its receptors, which are involved with CNV formation in AMD. 57 Topical NSAIDs currently available exhibit varying degrees of COX inhibition. For example, bromfenac has been reported to be a more potent inhibitor of COX-2 than COX-1. Therefore, each NSAID elicits a unique anti-inflammatory response. Nepafenac also exhibits better corneal penetration, longer inhibition of PG synthesis, and increased vascular permeability. 62 These drugs have been shown to reduce inflammation, but could also have adverse effects in the gastrointestinal tract when they are absorbed through the mucosal membrane. 63 Because of the proinflammatory effects of COX-2 and its metabolic products of PGs, NSAIDs that specifically inhibit COX-2 have been developed. These COX-2-specific NSAIDs, such as celecoxib, have the potential to relieve inflammation without the adverse effects associated with COX-1. However, these NSAIDs have been reported to display cardiovascular toxicity, thereby limiting their application. 57 Additionally, diclofenac appears to have a dual effect as it also reduces the products of the LPO pathway, another metabolic pathway for arachidonic acid and the intracellular level of free arachidonic acid. 64 In a large-scale randomized trial, 19 716 female health professionals were treated with aspirin (100 mg, every other day), whereas another 19 705 female health professionals were treated with placebo. 65 After an average of 10 years of treatment, 111 patients using aspirin developed AMD, whereas 134 patients on placebo (hazard ratio, 0.82) developed AMD. There was an 18% reduction in risk for visually significant AMD and 10% reduction in risk for advanced AMD, neither of which was statistically significant. The study concluded that although low-dose aspirin had no significant contribution to the risk of developing AMD, the potential beneficial effects of aspirin on AMD progression could not be ruled out. The differences in AMD incidence may have been small because of the low dose of aspirin used as well as the large number of patients o65 years. Future studies that examine an older cohort of patients or higher doses of aspirin may produce more definitive results.
McGeer et al 66 reported a statistically significant decrease of AMD incidence in patients with rheumatoid arthritis (RA) compared with patients without RA. They hypothesized that RA patients were spared from AMD because of long-term treatment with NSAIDs and more powerful anti-inflammatory agents, such as prednisone. This study suggests that a higher dose of aspirin or a more potent anti-inflammatory agent might be more effective at decreasing the prevalence of AMD.
Several small clinical observations have evaluated the effects of topical NSAIDs in the treatment of neovascular AMD. In a case study, Libondi and Jonas 67 observed that the application of topical nepafenac (0.1%, 2 to 3 times daily, for 8 weeks) caused regression of macular oedema and a reduction of fluorescein extravasation in one patient with neovascular AMD. However, two other clinical studies failed to show the beneficial effects of topical NSAIDs in patients with neovascular AMD. Zweifel et al 68 reviewed 21 neovascular AMD patients (22 eyes) with persistent subretinal and/or intraretinal fluid after anti-VEGF therapy. Topical bromfenac (0.09%, twice daily, for 2 months) was administered in combination with intravitreal bevacizumab (1.25 or 2.5 mg) or ranibizumab (0.5 mg). The results showed no improvement in visual acuity, central retinal thickness, or PED at 1 and 2 months. In another randomized, prospective, and double-masked clinical trial of 61 patients with neovascular AMD, topical diclofenac sodium (0.1%, 4 times daily, for 12 weeks) combined with verteporfin therapy had visual outcomes similar to PDT alone after 12 weeks. 69 There is an ongoing phase II trial using a combination of intravitreal ranibizumab injection and topical bromfenac in neovascular AMD patients. 70 Some preclinical studies have demonstrated the safety of single intravitreal injections of both diclofenac and ketorolac in healthy rabbits. 57 Baranano et al 71 showed that intravitreal injection of diclofenac and ketorolac has potent anti-inflammatory effects on a rabbit model of lipopolysaccharide-induced ocular inflammation. Based on these results, Soheilian et al 72 conducted a pilot study of 10 patients with refractory macular oedema of various aetiologies, two of whom had neovascular AMD. At 8 weeks after the intravitreal injection of diclofenac (0.5 mg), increased visual acuity was noted in both neovascular AMD patients. Ocular examination and electroretinography (ERG) showed no toxicity in the eyes after 8 weeks. However, this study did not show a significant decrease in central macular thickness, which may be related to the refractory macular oedema in many of these patients.
In comparison with corticosteroids, which inhibit both LPO and COX, NSAIDs show fewer anti-inflammatory effects but do not have corticosteroid-induced IOP elevation. 73 The adverse effects of topical NSAIDs often Eye relate to allergy, hypersensitivity, and corneal toxicity. 57 Komarowska et al 74 observed retinal toxicity following multiple intravitreal ketorolac injections in rabbit eyes. As COX-2 and its catalysed PGs ameliorate the inflammatory process of neovascular AMD, topical and/or intravitreal use of NSAIDs might become a novel adjunct preventive and therapeutic approach with anti-VEGF agents in the treatment of neovascular AMD. However, the long-term efficacy and studies of both topical and intravitreal NSAIDs are needed.
Immunosuppressants

Methotrexate (MTX)
MTX is known to inhibit dihydrofolate reductase and was initially used in high doses to treat malignancies. Primary intraocular lymphoma is treated with intravitreal MTX. 75 In 1985, it was demonstrated that low-dose MTX can treat RA without affecting humoral or cellular immunity. 76 Furthermore, low doses of MTX have also been shown to be a potent anti-inflammatory agent and are used systemically as a corticosteroidsparing agent for the treatment of noninfectious uveitis.
There are several proposed mechanisms for the anti-inflammatory effects of low-dose MTX. MTX inhibits cellular proliferation, such as T lymphocytes, by reducing the de novo synthesis of purine and pyrimidine. Additionally, MTX undergoes polyglutamation in cells and inhibits 5-aminoimidazole-4-carboxamide ribonucleotide (AICAR) transformylase, leading to the promotion of intracellular AICAR and the accumulation of extracellular adenosine. Subsequently, adenosine can then interact with the A 2A receptor on stimulated inflammatory cells to inhibit cytokine production and diminish inflammation. 77 MTX can also reduce intracellular glutathione concentrations, leading to the inhibition of macrophage and lymphocyte function. 78 Finally, MTX inhibits the synthesis of potentially toxic compounds (the transmethylation products spermine and spermidine) that accumulate in inflamed tissues. 79 Kurup et al 80 reported that two neovascular AMD patients were unresponsive to anti-VEGF treatment but showed some improvement when treated with intravitreal MTX injection (400 mg). One patient showed improved visual acuity, whereas both patients showed decreased subretinal fluid accumulation and decreased perifoveal leakage 2 weeks after injection. Although these case reports provide limited data, they may provide substantiation for the role of MTX as an adjunct treatment for neovascular AMD, especially in patients who are resistant to the traditional anti-VEGF therapy. Large-scale and long-term clinical trials are needed to evaluate the effects of intravitreal MTX.
Rapamycin (sirolimus)
Rapamycin, also known as sirolimus, is a macrolytic lactone produced by Streptomyces hygroscopicus. Rapamycin has immunosuppressive, antimicrobial, anti-inflammatory, anti-proliferative, and anti-angiogenic properties. Rapamycin binds to cytosolic FK506 binding protein 12; this complex acts upon the protein kinase mammalian target of rapamycin (mTOR), an important regulator of cell growth. 81 Rapamycin downregulates transcription factor E2F-1 and blocks G1-to-S-phase transition in a variety of cell types and species. 82, 83 By inhibiting mTOR, rapamycin reduces proliferation and activation of T and B lymphocytes. 83 As an anti-inflammatory agent, rapamycin inhibits COX-2 mRNA expression, decreases COX-2-mediated PGE 2 production and accumulation, and inhibits inducible nitric oxide synthase expression. 84 It also decreases expression of endothelial monocyte-activating polypeptide-II, which reduces inflammatory responses. 82 Rapamycin was approved by the FDA for prevention of transplant rejection in 1999 and is used as an effective and potent immunosuppressive treatment in patients with noninfectious uveitis. 85 Recently, Nussenblatt et al 86 reported the use of rapamycin in three patients with neovascular AMD for 6 months. Although no definitive beneficial effects were found, rapamycin apparently decreased the need for anti-VEGF therapy. An ongoing randomized phase I and II clinical study is evaluating the safety and vision-preserving effects of rapamycin on GA of AMD when administered by subconjunctival injection. 87 Another phase II trial is comparing the effectiveness of oral rapamycin, infliximab, and daclizumab in preventing new blood vessel growth in patients with neovascular AMD. 88 
Biologics
Anti-TNF-a agents
The clinical effects of anti-TNF-a agents have been proved to treat systemic autoimmune disorders such as RA and systemic lupus erythematosus. Recently, several kinds of TNF antagonists are used in the treatment of uveitis and have been demonstrated to be effective. Anti-TNF-a agents can directly neutralize the circulating TNF-a and prevent the binding of TNF to its receptors, p55 and p75. TNF-a antagonists also bind to transmembrane TNF-a, thereby inducing complement-dependent cytotoxicity and antibody-dependent cytotoxicity. The binding of anti-TNF-a agents with transmembrane TNF-a initiates outside-to-inside signal transduction, resulting in apoptosis, suppression of cytokine production, and cell growth arrest in proinflammatory cells. Consequently, the number of activated cells is significantly reduced at the inflamed site. 89 Two kinds of anti-TNF-a agents are currently being evaluated for the treatment of neovascular AMD. Infliximab is a chimeric immunoglobin IgG1 monoclonal antibody composed of a constant human Fc region and a variable mouse Fab region. Markomichelakis et al 90 studied the effects of intravenous infliximab for RA therapy on three patients with both neovascular AMD and inflammatory arthritic disorders. One treatment-naive patient and two PDT-resistant patients showed increased visual acuity and regression of CNV membrane at 3 months; a sustained infliximabinduced effect was demonstrated in the treatment-naive patient at 12 and 18 months of continuing infliximab therapy. The two PDT-resistant patients also experienced an increase in visual acuity and regression of the subretinal membrane after 3 months. Another report analysed the effects of intravitreal infliximab (1 to 2 mg) injection in three anti-VEGF-resistant neovascular AMD patients. 91 One patient showed temporal regression of intraretinal fluid at 6 months, but displayed recurrence after 7 months (5 months after second injection). The other two patients showed improved visual acuity and complete resolution of diffuse intraretinal fluid 2 months after the infliximab injection. Giganti et al 92 gave intravitreal injections of infliximab (0.5 mg) to two neovascular AMD patients who were resistant to multiple anti-VEGF injections. Although visual acuity improved in one patient at 12 weeks after injection, both patients had persistent macular oedema. The results of infliximab in neovascular AMD treatment may be inconsistent because of the limited clinical data and small sample size.
Current clinical trials are designed to evaluate the efficacy and safety of inflixibmab in neovascular AMD. The effects of intravenous injection of infliximab in neovascular AMD are being assessed in a phase II clinical trial. 88 The other, an ongoing phase I pilot study, is designed to determine the safety and tolerability of intravitreal infliximab in neovascular AMD. 93 Adalimumab is another anti-TNF-a agent currently used in clinical trials for neovascular AMD. 94 Adalimumab is a fully humanized recombinant anti-TNF-a monoclonal IgG1 antibody and has properties similar to infliximab. An ongoing phase II study assesses the safety and efficacy of intravitreal adalimumab in neovascular AMD patients who are resistant to the conventional treatment of intravitreal ranibizumab.
The adverse effects of anti-TNF-a agents include increased risk of lymphoproliferative malignancy, cell-mediated infection (especially tuberculosis), and demyelinating disease. 95 The development of human antichimeric antibodies (HACAs) is another concern for anti-TNF-a agents; adalimumab has a lower risk of causing HACA than infliximab because it is a fully humanized antibody. 96 There are also reports of ocular inflammation and decreased response to ERG stimuli. 92 Although anti-TNF-a agents can effectively inhibit TNF-a and treat neovascular AMD, more comparative studies are required to better determine efficacy and safety of systemic and intravitreal applications.
Daclizumab
Daclizumab is a fully humanized IgG1 monoclonal antibody directed against the a-chain (Tac/CD25) of the IL-2 receptor (IL-2R). The high-affinity IL-2R is only expressed on activated T cells and is required for clonal expansion and continued viability of T cells. Blockage of IL-2R results in decreased activation and proliferation of T-cell clones. An in vitro study shows that daclizumab directly and specifically interferes with IL-2 signalling at the receptor level by inhibiting the association and subsequent phosphorylation of the IL-2R b-and g-chains induced by ligand binding. 97 Daclizumab also inhibits IFN-g expression in both CD4 þ and CD8 þ T cells. 98 As an effective agent traditionally used in renal and bone marrow transplantation, daclizumab is now used to treat refractory uveitis based on its anti-T-cell property. 99 A pilot prospective study evaluated the use of systemic daclizumab in four patients with neovascular AMD for 6 months. 86 The results showed that daclizumab appeared to decrease the need for anti-VEGF intravitreal injections by approximately half. The effects of intravenous injection of daclizumab in neovascular AMD are being assessed in a phase II clinical trial. 88 Daclizumab is reported to be relatively well tolerated with virtually no serious adverse effects following intravenous and subcutaneous injection. 99, 100 Daclizumab may become a promising adjunctive therapy in neovascular AMD, especially for patients who do not respond to the conventional anti-VEGF agents.
Complement component inhibitors
The complement system is a key component of innate immunity. It is composed of at least 30 proteins and can be activated by the classical, alternative, and lectin pathways. The classical pathway is triggered by the interaction of antigen with specific antibody and other proteins, such as C-reactive protein, immunoglobulins, and complement components. 101, 102 The alternative pathway is an antibody-independent route of complement activation and amplification. It is initiated by the hydrolysis of C3 in circulation and involves FB, factor D, and properdin. The alternative pathway is regulated by a number of complement proteins, such as CFH, decay accelerating factor, C4-binding protein, and complement receptor 1. The lectin pathway is triggered by mannose-binding lectin or a related series of termedficolin proteins. All three pathways converge on the activation of C3, and the deposition of C3b and C5b triggers the formation of the MAC, which promotes cell lysis. Many regulatory proteins involved with complement pathway activation are related to AMD progression and could be targeted during therapy.
Several preclinical and clinical trials have been designed to determine the safety and efficacy of complement regulators in AMD therapy. ARC1905 (a C5 inhibitor) and TNX-234 (a humanized antibody against factor D) have been developed in preclinical tests to treat neovascular AMD. 103 An ongoing phase II trial is evaluating the effects of intravenous eculizumab (a humanized long-acting monoclonal antibody against C5) for the treatment of non-neovascular AMD. 104 Other phase I clinical trials aim to provide initial safety and tolerability information on intravitreal POT-4 (a C3 inhibitor) for treatment of patients with neovascular AMD; however, the results are still inconclusive. 105 Given the importance of the complement system in AMD development, complement components and regulators may be targeted in novel adjunctive therapies for non-neovascular and neovascular AMD. Additional clinical studies are needed to identify the long-term effects and potential ocular toxicity of the treatments.
Conclusion
The initial pathological changes in AMD appear in macular photoreceptors, RPE, Bruch's membrane, and choriocapillaris. Although their aetiology is not completely understood, it is indisputable that inflammation, both the innate immunity and autoimmune components, has a critical role in AMD pathogenesis and progression. 3, 12, 106 Macrophages, microglia, complement components, and inflammatory cell-derived cytokines and chemokines are involved in both non-neovascular and neovascular AMD. 8 Conventional therapy that focuses solely on inhibiting angiogenesis may not be optimal because of the inflammatory involvement in AMD. Inflammation that exacerbates AMD is likely not the initial aetiology. The fact that inflammation appears early in AMD pathology may explain why anti-inflammatory agents are beneficial as preventive or adjunctive therapies in combination with anti-VEGF therapy and/or PDT. Anti-inflammatory therapy also benefits AMD patients who do not respond to conventional anti-VEGF therapy. PDT treatment is reported to cause apoptosis of CNV endothelial cells as well as photoreceptors and RPE.
107 Table 1 Anti-inflammatory agents used in age-related macular degeneration (AMD)
Category
Examples Recommendation Corticosteroids Dexamethasone Used in conjunction with anti-VEGF agents and PDT to increase efficiency of treatment in neovascular AMD, when patients poorly respond or are resistant to anti-VEGF alone. Triamcinolone acetonide (TA) Not recommended for monotherapy of neovascular AMD, can be combined, when patients poorly respond or are resistant to anti-VEGF alone.
NSAIDs
Bromfenac Nepafenac Diclofenac
Can be combined with anti-VEGF agents in neovascular AMD, more clinical studies are warranted.
Aspirin (low dose)
Can be used as long-term anti-inflammatory treatment, potential preventative power against AMD development.
Immunosuppressant Methotrexate Alternative treatment for neovascular AMD patients who are resistant to anti-VEGF therapy, more clinical studies are warranted. Rapamycin Used in neovascular AMD patients and evaluated in clinical trials for non-neovascular and vascular AMD, more clinical studies are warranted.
Anti-TNF-a agents Infliximab Adalimumab
May be used in anti-VEGF resistant patients; more clinical studies are warranted.
IL-2 receptor antagonist
Daclizumab Used in conjunction with anti-VEGF agents to decrease anti-VEGF treatment in neovascular AMD, more clinical studies are warranted.
Complement regulators ARC1905 TNX-234
Preclinical drugs developed for neovascular AMD, additional studies need to be conducted to determine the safety and efficacy of these regulators. Eculizumab Evaluated in clinical trials for non-neovascular AMD. Evaluated in clinical trials for neovascular AMD.
Eye
The combined use of anti-inflammatory and antiangiogenic agents can also suppress apoptosis of photoreceptors and RPE, resulting in better visual outcomes than PDT alone. Safety and toxicity are concerns in the topical and intraocular use of anti-inflammatory agents. Because most AMD patients are elderly and more prone to adverse effects of anti-inflammatory agents when compared with younger patients, large-scale and long-term follow-up studies must be considered for the safety and efficacy of novel anti-inflammatory agents.
In summary, the inflammatory process exacerbates AMD pathogenesis. Anti-inflammatory agents, which target specific inflammatory pathways and molecules, could be used as promising adjunct agents combined with anti-VEGF and/or PDT therapy for exudative neovascular AMD and potential therapies for GA AMD (Table 1 ). More studies are required to test the efficacy and safety of systemic, periocular, and intravitreal applications of each anti-inflammatory agent.
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